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EFFECTS OF TEMPERATURE ON INSULATING MATERIALS.
INTRODUCTION. .
The proper insulation of e le c tr ic a l conductors and appa­
ratus is o f the utmost importance to successful working; and there 
fore the behavior of insulating materials under d if fe ren t physical 
conditions is o f great interest to the e le c t r ic a l  engineer. The 
e le c t r ic a l  properties of any material may be determined by tests 
upon insulation resistance and high voltage breaking down tests; 
wijfle i ts  physical properties may be investigated by means of 
hygroscopic, temperature, bending and pressure tests. The former 
qualities are known to depend large ly  on the la t t e r ,  and in te s t ­
ing any material, the specific  conditions under which i t  is to be 
used, should be reproduced as nearly as possible. The influence 
of temperature and of the amount of moisture present is perhaps 
the most important.
Any e le c t r ic a l  loss gives r ise  to heat which e ffe c ts  in­
sulating substances by contracting, expanding, charring and burn­
ing according to the degree of heat and character of the material 
employed. In e le c t r ic a l  apparatus heat is produced in many ways, 
in dynamos, for  instance, by the resistance o f the armature wind­
ings, overload on the machine, heavy grounds, short c ircu its , hys­
teres is  and eddy currents in the iron cores, eddy currents in the 
armature windings and magnet pole pieces, by the use of commutator 
bars or brushes of insu ffic ien t size or imperfect contact between 
the same, and by the ever present brush f r ic t io n .  Heat w i l l  a l ­
ways be present to some extent in dynamos and motors, and always 
excessive in cases of overload; so i t  is  important that armature 
insulation be such as w i l l  withstand high temperature. Great 
progress has been made in the insulation of e le c tr ica l machinery
and apparatus, but until recently insulation has not received
' : *
anything like  s c ien t i f ic  investigation. Mr. C. P. Steinmetz has 
made an excellent contribution to the subject on the disruptive 
strength of d ie le c tr ic s .  vTrans. Am. Inst. Elec. Eng. Vol.X,
p. 85, ’ 93.)
I t  is quite well known that the resistance of insulating
materials, in general, decrease with a r ise  in temperature. But
until recently no de fin ite  measurements have been made showing
the re la t ive  change of resistance with temperature. At the May
meeting of the American Institute of E lec tr ica l Engineers in 1896
%
(Trans. Am. Inst. Elec. Engs. Vol. X I I I ,  p.225) Messrs. Sever, 
Monell and Perry presented a paper giving results of tests along 
this l in e . In the discussion which followed Chas. F. Scott pre­
sented the results of some tests made by Mr. Skinner, which, in 
some respects were contradictory to those of the previous paper.
In the former paper the authors obtained a maximum resistance for 
paper and cloth at about 75PC., while Mr. Skinner obtained a mini­
mum resistance at about this temperature. The d ifference may 
have been due to the d if fe ren t forms of apparatus used, one a l ­
lowing the escape of moisture more rapidly than the other. Mr.
Skinner placed the. material between cast-iron plates about 10" in
-jr
diameter, while the other experimenters wrapped the insulation
around a brass cylinder 3/4" in diameter and 3" long, and then 
wound i t  with a number of turns of bare copper wire. The mois­
ture would evidently have a better chance to escape quickly in 
this apparatus than when the material was confined between large 
plates. The form of the curve would also depend on the rate of 
heating but this was not much d iffe ren t in the two cases, being 
from 100°to 120° C. in 30 min. The present tests were under­
taken with a view to adding to the rather lim ited data on the 
subject.
APPARATUS.
The heating apparatus consisted o f an o i l  bath which com­
p le te ly  surrounded a cast-iron box in which the material under 
test was placed. Ordinary cylinder o i l  was used for  the bath; 
i t  was contained in a cast-iron vessel and heated by three Bunsen 
burners. The l id  of the iron box was held down by s ix  l/4" cap­
screws; the surfaces of the jo in t were faced, and a packing ring 
of manilla paper used to make the jo in t  t igh t. The leads were 
brought out through short iron tubes which were screwed in the 
l id .  The thermometer was introduced through a third tube in its  
center. The arrangement is shown in Plate I which gives a cross­
section of the complete apparatus. This method of heating was 
adopted because i t  was thought the temperature could be maintained 
and measured more accurately where there was no chance fo r  sudden 
variations in temperature.
The material under test was placed between plates as shown 
in the figu re . The plates were made of steel l/4" thick and ac-
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curately ground so as to present a smooth, plane surface for  con­
tact. The lower plat>e was 6" in diameter and the upper one 
4-l/2". The upper plate was surrounded by a ring of the same 
material 1/2" wide, an air space of l/4" separating the ring and 
plate. The object of the ring was to eliminate any error due to 
leakage over the surface and edge of the insulating material from 
one plate to the other.
The ring was connected as shown in Plate 2 so that such
leakage current was shunted around the galvanometer. The leakage
*
e f fe c t  was not noticeable with the voltage used. This was shown 
by disconnecting the ring, which could be done without changing 
the deflection . The upper plate was held in close contact with 
the material by a lead disc weighing 6 lbs. I t  was found that 
i f  tin f o i l  was placed between the plates and material, the con­
tact was very much improved so that a suitable deflection  could 
be obtained with a lower potentia l. The e f fe c t  of tin f o i l  is 
shown by the pressure curves in Plate XIV.
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The plate device for obtaining contact with the insulating
material was adopted in preference to the cylinder method, because 
i t  seemed probable that more uniform contact and pressure with the 
d if fe ren t specimens could be obtained in this way. The wire band 
would only make contact with a small part of the whole surface. 
There would also be a tendency for the v/ire to bed in the material 
that would depend on i t s  texture and on the tension on the wire 
when wound. The plates do not allow the escape of moisture so 
readily  but this is not a fau lt because the rate of drying is only 
re la t ive  in any case since i t  depends also on the rate of heating.
Two mercury thermometers were used, one graduated from 0*- 
120°C. and the other from 0°- 200” C. The low-reading one was 
used fo r  the f i r s t  100obecause i ts  long stem enabled i t  to be read 
above the iron tube without raising i t .  Its  divisions were fa r ­
ther apart and i t  could be read more accurately where the res is ­
tance was changing the most rapidly with the temperature.
When changing thermometers, the one to be introduced was heated
to about the temperature of the other, so that i t  soon gave a 
correct reading. The thermometers were not calibrated, as this 
was deemed an unnecessary refinement; since i t  is not probable
that the temperature read was exactly that of the material. They
*
agreed very w ell, however, with other thermometers with which they 
were compared. The bulb of the thermometer was placed in contact 
with the upper plate through a hole in the center of the lead 
disc. The bulb was thus c losely  surrounded by a mass of metal 
and would give i ts  temperature quite c lose ly .
A Thomson re f lec t in g , four co il galvanometer having a re ­
sistance, with a l l  four co ils  connected in series, of 5596 ohms, 
was used. Its  constant was found at the beginning of each test, 
with a standard resistance of 4.66 megohms. The constant varied 
from day to day, but the sensitiveness was generally such that 
one vo lt  gave a deflection  of 27 m m. through one megohm.
The source of E.M.F. was, at f i r s t  a 500 vo lt  Edison motor
run as a dynamo; but owing to the unsteadiness of the pressure and
the condenser action of the insulated plates, the deflections of
. . .  - • -
the galvanometer were not re l ia b le .  The fa lse  deflection  was 
often greater than the true one. Lead accumulator c e l ls  were 
f in a l ly  substituted fo r  the dynamo and gave good results. 400 
small c e l ls  o f the Plante-" type were made for  this work. This 
small battery was used for  the high resistance, and the regular 
laboratory storage battery, which gave 260 vo lts , substituted when 
the insulation resistance to be measured had decreased, owing to 
increase of temperature.
A l l  apparatus was highly insulated to prevent any possible 
leakage current a ffect ing  the galvanometer. The galvanometer, 
shunt box, key, etc. were placed on plate glass. The reversing 
key in the galvanometer c ircu it consisted of a block of paraffine 
with mercury cups fo r  the connections. A ll wires were suspended 
in the a ir  from glass rods. Quarter ampere fuses were placed in
the c ircu it  to protect the apparatus in case of short c ircu it .
METHODS OP TESTING.
The method of measuring the resistance, was by comparison 
with a known resistance by d irect de flection . This method seemed 
to present the least chance fo r  error due to fa lse  delfections 
and leakage e f fe c ts .
Two kinds of heating tests were made; f i r s t ,  the material 
was heated from the temperature of the atmosphere up to 200*0. 
Readings were taken about every 5°up to 100°and from there on 
every 10?
The second kind o f test was to heat the material up to 100“ C, 
taking readings every 5°and then the box was corked up, a ir  tight 
and the insulation was allowed to cool, readings being taken t i l l  
the resistance was too high to measure. The insulation was again 
heated a fte r  i t  had cooled down to atmospheric temperature, up to 
200°C., thus showing the e f fe c ts  of moisture on the material.
I t  was found that the resistance depended a good deal upon 
the pressure to which the insulation was subjected and a few ex-
periments were made along this line . The curves on Plates XIV & 
XV on the following pages show these results very p la in ly . I t  
was hard to t e l l  just how much this decrease in resistance is  due 
to better contact with the plates and how much to compression of 
the materials. I t  would seem to be principa lly  due to the la t te r ,  
because pressure had very l i t t l e  e f fe c t  upon oiled paper, whose 
pores were f i l l e d  with o i l .
The method of obtaining this pressure was by placing cast 
iron weights on top of the plates. Weights were added up to 200“ 
pounds and then decreased down to zero.
DISCflSSJON OP TESTS ON MATERIALS.
PLAIN MANILLA PAPER.
A fter the resistance at the temperature of the air was 
carefu lly  noted, the temperature was gradually increased at the 
rate of about 100*0. an hour.
i A'
The curve on Plate I I I  shows the f i r s t  test on this material. I t  
rapidly dropped o f f  from about 700 megohms at 20°C. to 2 meghoms 
at 60*0. I t  then remained below this value t i l l  i t  reached 120*0 
at which point i t  began to rise and remained between 20 and 30 
meghoms from here out to 200*0.
X
The next test on this same material, see Plate IV, was to 
heat i t  up to 105°C, at which point the moisture was a l l  driven
o f f .  The resistance had fa llen  from 84 megohms at 20°C. to 0.13
|
megohms at 105°C, curve A. I t  was then allowed to cool and the 
resistance rose slowly down to 80*0. and then more rapidly, t i l l  
i t  was 108 megohms at 62°C, curve B. A fter i t  had cooled down to
24*0, i t  had a resistance of 3129 megohms. I t  was again heated
up as in the f i r s t  time and the resistance dropped rapidly and
reached a minimum of 4 megohms at 120*0. and i t  again rose as in
<3>
the f i r s t  case, curve C.
d
The reheating curve C was similar to the curve taken in the f i r s t
I  A. I
case, Plate I I I ,  except that the drop was not as rapid and this 
shows that when moisture is present, the resistance drops much 
more rapidly and reaches a minimum at 60°C, while when dry at 
120°C.
OILED PAPER.
Two samples of o i l  paper were tested in this same manner 
and gave the same form of curve as the dried manilla paper, ex­
cept that i t  continued to decrease but to 200*C, Plates V & VI, 
but gave p ract ica lly  the same resistance at 110*0 as the dry 
paper. On cooling^curve B i t  came up in about the same form of 
curve as i t  decreased,curve A, but did not come up so quickly.
On reheating the resistance came down in p ract ica lly  the same 
curve as i t  did on the f i r s t  heating, curve C, which seems to
show that oiled paper does not absorb moisture as rapidly as plain
paper and in cooling i t  does not recover immediately its  former
* /
resistance.
PLAIN COTTON DUCK CANVAS.
Two samples of this material were tested and they gave
the same general results and form of curve as the plain paper.
' 3 A
Plates VII & V I I I .
SHELLACED CANVAS.
This was a sample of the plain canvas well saturated with 
shellac, the curve dropped o f f  the same as before but continued 
to decrease ujc to 200®C. as in the case of o iled paper. The ap­
p lication  of shellac did not seem to increase the resistance at
.  ^a '
a l l  but lowered the specific  resistance. Plate IX.
HEAVY LINEN CLOTH.
% >
This showed results similar to the Cotton Duck in that 
i t  came down much slower on reheating, curve B dropping from
10290 megohms at 48°C. to 1.7 at 190*0, while before reheating i t
tfAr
had a resistance of 40 megohms at 48"C, curve A. Prom this then 
we concluded that the moisture factor was very prominent.
Plate X.
SILK CLOTH.
This gave the same general form of curve as the duck 
canvas but showed a much higher spec if ic  resistance and decreased
more slowly in heating. At 20cC i t  had a spec ific  resistance of
• %
16800 megohms and at 106*C i t  had dropped to 11 megohms. Plate XI.
MUSLIN CLOTH.
This showed a lower resistance, at 20*C. of 25 megohms and 
from 48°to 110°C. i t  remained below 2 megohms,and at 110°C. i t  
began to rise t i l l  at 140"C. i t  was 240 megohms and then i t  rapid­
ly  decreased t i l l  i t  was 12 megohms at 200®C. Plate X II.
PARAFFINED PAPER.
This showed a very high in i t ia l  resistance at 20°C, which 
could not be measured t i l l  i t  was at 38*C. I t  then dropped o ff  
very rapidly to 60*C, its  melting point.
A ll  resistances were reduced to megohms per square inch in area 
and mil in thickness. This is necessary in order to make a
‘A
direct comparison between the d if fe ren t materials. • Other tests
-
i.6
have been faulty in this respect. Plate X I I I .
The e f fe c t  of pressure was tr ied  upon manilla paper,
'i
oiled  paper and cotton duck canvas. Plate XIV. \
The plain paper had a resistance of 5600 megohms with \ 
0.5 pounds pressure and with 88 pounds pressure i t  was 470 meg­
ohms, and from here i t  decreased slowly to 300 megohms at 200 
pounds, curve A.
In taking o f f  the weight in the same order that i t  was 
put on, the resistance did not attain its  or ig ina l value fo r  the 
same pressure, curve B. Cotton duck canvas showed about the
same results as plain paper, decreasing more rapidly at f i r s t .
S '
Plate XV.
Oiled paper showed l i t t l e  variation in resistance with pressure.
The following table is arranged in order to compare the
spec ific  resistance of the d if fe ren t materials at d if fe ren t
temperatures •
*
Materials 20dC. 40°C . 60°C. 100*C. 140WC. 200*C
Silk Cloth 16860 2200 120 11 102 40
Oiled Paper 16580 500 60 8.5 5 0.4
Oiled paper 
reheated
34000 550 70 2.4 0.6 0.3
Manilla Paperl/682 40 4 0.8 25 22
Manilla- 2 84 9 1.4 0.13
reheated 5000 2000 300 10 16 61
Canvas I 160 6.6 1.5 0.5 7 1.4
Canvas 2 40 2.7 0.5 0.16
rehe ated. 31°c2000 304 20 3 5.5 2
Shellac
canvas
146 12 1.1 0.17 .6 12
Linen Cloth 120 12 6
reheated 48“ C=10290 1200 100 20 1
Muslin 25 5 2.3 2 236 20
Paraffine 38=12980 9
paper
This comparison of specific  resistances of the d ifferen t 
materials, showing their re la t ive  values under ordinary working
temperatures from 20°C. to 90*0. is most c learly  shown in the
t
curves on Plate XVI.
These show that they have a l l  fa llen  comparatively low 
at 60°C. and the important consideration here is that this is the 
ordinary working temperature of e le c t r ic a l  machinery. I t  must 
be remembered, however, that high resistance, as we have been 
considering i t ,  is not the only important quality of insulation, 
but i ts  a b i l i ty  to stand high potentials without breaking down, 
is' of equal, i f  not greater importance. Insulation may have a 
high resistance to leakage and a low disruptive strength or vice 
versa.
The hygroscopic quality of insulation materials is also 
of importance, and its  e f fe c t  has been shown to some extent in 
these tests, but more extended experiments showing the e f fe c t  of
absorbing moisture, and the influence of moisture and temperature
on the breaking down stress, would be of great interest and value.
I t  would also be of interest to know the deterio^ting 
e f fe c t  o f continued heating and cooling of materials.
CONCLUSIONS.
Prom these tests we draw the following conclusions--
1 - The insulation resistance of untreated fib^rous 
materials such as paper and cloth, decreases at f i r s t  on being 
heated up and then increases when the moisture is expelled.
2 - Materials show a much higher resistance a fter being 
dried, and the resistance does not decrease so rapidly.
3 - Treated materials such as oiled paper, shellaced 
canvas, e tc . ,  decrease in resistance about the same as untreated 
materials but do not increase again.
4 - On cooling the resistance increases rapidly because 
the moisture is expelled and on reheating it  follows the cooling 
curve•
k
5 - When moisture is present heat has a more pronounced 
e f fe c t  and brings the resistance down at a much lower temperature, 
and the rate of decrease depends upon the rate of heating or which
moisture is expelled.
6 - Insulation resistance means very l i t t l e  unless the
physical conditions of the materials and the methods of testing
are kn own.
DERIVATION OP FORMULA.
Let P = figure of merit o f galvanometer
E, a Volts across known resistance
R, s. Resistance of shunt of galvanometer
Gr =
D, * Deflection with known resistance
R, = Value of known resistance
Then P * E,
VR'+ o , + ^
11/
and fo r  any resistance R we have
F = _E
" t?
Let A _ S _ _
L,+ '5
Equation (1) s (2) or
E, E
vH, rK wK‘. j,
E,vh-tK/* d — Sirt.tK./K'.di
n  — .E(r„n A./rtj j, - B.K' H i.
E,rt‘ a
n — . £ (hi r  ti\', 3» _ _n — c* u1 •& i vi
When S, s. in f in ity
r - Si r\,r i)u, 
B. A’ d
/ n . /
When IF),HP n = in f in ity
R -  £ vh .rS /  3, ___ ;
a., a
vi/
K and <3 are ne in comparison with R
in (3) and (4)
EXAMPLE.
Manilla Paper No. I . 20°C.
E, = 51.5 vo lts S, a in f in ity
G . = 5596 ohms d, = 309 m. m.
R, = 4.66 megohms
E = 290 vo lts  d s 25 S. = in f in ity .
*
Substituting in equation (4)
r . a ELvbi*-3 /3i _ _  2S9(4.6656)20^
E.a
or R = -®- X vH,V y J,- ~ f-XK= ^P-$£-Z^4-P a fi, «
To reduce to spec ific  resistance or to megohms per 
square inch in area and mil in thickness. Multiply 
the resistance R by the area of the upper plate in square 
inches and divide by the thickness of the insulation 
in mils.
Area of plate = 16.14 square inches. 
Sp . R. ~ ~~ megohms.
Manilla Paper No. I.Thickness. 7.7 mils
V o lts . Temp.
2 9 0 2 0 * C
ft 2 1
ft 2 4
ft 2 6 . 5
ft 2 8 . 2
ft 3 0 . 5
ft 3 3 . 5
ft 3 6 . 5
ft
5 4 . 5
ft 5 9
ft 6 6 . 8
ft 7 4 . 2
5 0 8 0 . 2
M 8 6 . 9
n 9 1 . 5
M 9 6 . 8
n 1 0 2 . 3
n 1 0 8 .
5 1 1 2 1 .
5 1 . 5 1 2 7 .
5 1 . 5 1 3 2 . 5
2 8 5 . 1 4 0
2 7 0 1 4 6
2 8 5 1 5 3
2 9 3 1 6 3
n 1 7 5
2 9 7 1 8 5
2 9 9 1 9 1
1 4 9 . 2 1 9 9
1 4 9 . 6 2 0 2
Galvanometer Constant
51.5 309 711 /it.
Shunt. Re s i s . Sp.Resis
324.8 682.5
301. 632.
131. 275.
101.5 212.
66.6 139.
47.3 98.
32.5 67.
23.2 48.
1000 3.01 6.3
400 1.81 3.8
200 .76 .16
100 .30 .63
400 .42 .88
If .55 1.15
ft .51 1.07
ft .48 1.00
ft .40 .84
ft .35 .69
ft 2.38 5.8
2000 7:1 14.9
tt 12.35 25.8
1000 9.3 19.5
ft 12.7 26.8
ft 16.1 33.8
ft 18.8 18.4
ft 17.7 37.2
ft 16.4 34.4
ft 14.4 30.2
ft 10.6 22.2
ft 10.6 22.2
4,665,600 ohms.
Def
25
27
62
80
122
172
250
350
410
300
370
480
220
170
183
196
235
280
40
55
32
130
89
75
66
70
77
88
60
60
K 28.
UL
Manilla Paper No. 2, Thickness. 7.7 mils.
Volts
100
If
99
ft
ft
ft
ft
ft
If
91
ft
9
99
ft
99
99
99
9f
ft
ft
ff
ft
ft
tt
ft
91
ft
ft
Def.
106
116
135
240
250
410
280
300
410
330
490
240
175
160
145
132
395
162
125
240
220
335
270
120
280
170
118
82
Shunt
2000
400
200
100
100
50
n
20
N
50
100
«
410
400
1000
2000
n
Temp. Resis. Sp.Resis
20aa 40. 84.
22 36.5 76.6
23 31.35 65.
25.5 17.62 36.
39. 4.57 9.6
61 .69 1.44
69 .52 1.09
76 .23 .48
82 .18 .38
90 .11 .23
97 .077 .16
101 .063 .13
103.8 .086 .18
104.5 .095 .20
104.6 .104 .21
104.8 .114 .23
104.6 .(095 .20
100. .42 .88
98 .60 1.26
94
93
87
83
76
71.8
6 8 .
64
61.6
1.21
1.28
2.07
4.25
9.55
15.12
24.9
35.9 
51.7
2.54
2. 68
2.24
8.9
20.0
31.7
52.9
75.4
108.5
Galvanometer Constant
100 440 5596 5,596,500 ohms
K. = 42.4
Manilla Paper No. 2. Reheated
V o lts . Def. Shunt.
700 9
663 16
653 42
640 200
100 31
*1 80
n 290
m 320 5000
91 235 2000
tt 450 99
99 250 1000
99 260 2000
99 110 «
99 87 5000
99 130
99 108
99 101
tt 97
9t 108
alvanometer Constant
50.8 348
K. = 32
Temp. Re s i s . Sp.Resis
23.8 c G 2488 5224
26.7 1332 2790
37. 497 1044
56 102 215
65 103.2 216
75 40. 84.2
91 11. 23.1
103 4.72 9.9
107 3.68 7.73
116 1.94 4.07
126 1.94 4.07
130 3.32 6.97
142 7.85 16.48
153 17.37 36.3
161 24.6 51.6
170 29.4 61.7
181 31.7 66.5
191 33.0 69.9
197 29.4 61.7
4,665 ,600 ohms
If
7U0
O h
s
J Il/l0
r»
2o
6 0 0 ;
P
£
3
O-
c.t
Boa
2  o o
J 00
to
2
*3
 6
Hafe IV
----------Q ------- ------
\10 )*u
Mc»n ///a fb /o <z Z,
/?(z./7 e at£&
o
O  °C^
Oiled Paper No. I Thickness. = 4.7 rails.
Volts Temp
520 20 ° i
510 21.8
497 24.2
475 27
465 30.1
457 34.2
435 37.6
426 39
415 41.4
413 43.2
410 45
406 46.2
390 48.1
378 50.6
243 56.8
238 59
233 62
102.5 65
ft 71
ff 73
If 78.8
52.5 86.7
n 90.5
31 100
tf 105.5
14.83 111.4
i t 120.3
i f 129
i f 140
»» 152
it 160
6.3 167
i t 171
i t 180
4.14 186
2.05 192.5
200
Galvanometer Constant 
51.5 309
Def. Resis.
3 4850
5 2854
7.5 1854
11 1210
16.5 789
32 400
56 217
64 186.1
90 129
120 96
160 71.
200 56.'
256 42.i
353 30
275 24.
350 19
427 15.:
130 22.
195 14.
264 10.
410 7.
315 4.
390 3.
350 2.
450 1.
258 1.
240 1.
145 2.
280 1.
368 1.
500 •
277 •
325 •
490 •#
420 •
290 •
460 •
4,
83
63
54
198
Sp.Resis.
16587 
9747 
6327 
4138 
2648 
1371 
742 
636 
441 
328
245.2
194.5
145.6
102.9
84.4
64
52.3
75
50.2
36.9
23.9 
15.93 
12.85
8.48
6.6 
5.4 
5.88 
9.78
5.06 
3.86
2.83 
2.15
1.84 
1.23
.92
.77
.427
,665,600 ohms.
K. 28
700
(pOO
ifl
0
r-
P
O"OH
S’
0
;>
<0
&£
3 0 0
200
)0 0 
So
10 Z o  i o
Oiled Paper No. 2, Thickness. 4.7 mils
V o lts . D ef. Temp
400 0 16"C
325 0 19
320 200 51
197 300 62
ft 430 65
ft 210 70.5
ft 340 75.7
ft 300 80.5
ft 218 88.
♦t 285 93
t t 360 98
f t 160 98.5
t t 145 96
t» 200 90
t t 165 86
f t 245 82
t t 160 76
t t 240 70
f t 115 61
f t 430 55
197 320 53
Galvanometer Constant 
91.5 265
Shunt. Resis . Sp.Res:
43 147
17.7 60.8
12.3 41.9
2000 6.57 22.3
2000 4.2 14.2
1000 2.78 9.6
400 1.62 5.5
400 1.24 4.26
400 .98 3.37
100 .58 1.99
100 .64 2.20
200 .92 3.16
200 1.11 3.81
400 1.44 4.95
400 2.21 7.60
1000 3.32 11.42
1000 7. 24.08
12.3 42.3
16.6 57.1
5600 4,665,600 ohms.
it
Oiled Paper No. 2 Reheated
Volts D ef. Temp. Shun t . Resis. Sp. Resis.
652 2 18cC 9950 34228
594 6 22.5 2970 10210
587 45 32 398 1369
555 330 47.5 51. 176
123 480 70 7.9 27 .1
123 340 90 1000 1.7 5. 8
123 360 106 400 .71 2 .44
123 430 122 200 .30 1• 38
124 375 125 100 .24 • 82
124 320 134 100 .20 . 69
124 390 138 100 .17 . 58
124 370 145 100 .18 . 61
124 330 154 100 .202 . 69
124 360 163 100 .185 . 636
124 390 175 100 .18 • 5 8
124 240 196 40 .113 • 388
124 260 200 40 .105 . 361
Galvanometer Constant
128 420 5600 4,665,600 ohms.
K. = 30.5
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Silk  Cloth Thickness = 7.1 mils
Volts Eef. Resis. Temp. Sp.Resis.
570
545
535
520
500
495
485
480
250
250
101
ft
ft
52
»
n
n
101
•*
255
n
w
2 7430
2 7100
3 4540
14 965
32 407
108 119
280 45
460 26.1
330 19.7
470 13.
245 10.7
310 8.5
380 6.9
232 5.8
290 4.77
230 5.90
140 9.66
60 44.
58 45.4
122 54.4
180 36.8
290 22.9
370 17.9
20 °C 16866.1
26 16117
30 10305
39.5 2190
45.5 923
53 270
61.5 102
68 59
74.5 44.7
78.7 29.5
84. 24.2
87.2 19.2
91. 15.6
97. 13.1
105.8 10.8
118 13.3
125 21.7
132 99.8
144 102.
152 122
171 83
189 52
200 40.8
Galvanometer Constant 
51.5 287
K. »  26.1
4,665,600 ohms
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Cotton Duck. No. I . Thickness = 19.7 mils.
Volts D ef. Temp. R esis. 8p.Resis.
443 43 19°u 252.2 206.6
441 55 20 196.2 160.
441 73 21.5 142. 116.
ft 135 24.8 76.8 62.9
tt 190 26.2 54.5 44.6
W 280 28.2 37 30
It 450 30.3 23 18
235 370 33.5 15.5 12.7
ft 480 35.3 12 9.8
102 310 39.3 8.08 6.6
525 320 45.6 3.95 3.2
31 350 51.5 2.17 1.77
ft 395 55. 1.92 1.57
tt 445 59.3 1.71 1.4
14.7 180 65.5 2.00 1.64
ft 205 69 1.75 1.43
ft 340 75.3 1.06 .86
ft 450 79.8 .8 .85
6.27 155 84.3 .99 .81
w 170 87.8 .91 .75
i t 210 92.3 .73 .59
n 233 95. .66 .54
tt 250 102.2 .62 .50
tt 228 109. .67 .55
ft 167 113.7 .92 .75
tt 145 116 1.06 .87
14.7 80 118 4.5 3.77
52.5 195 123 6.6 5.41
tt 155 126.5 8.3 6.8
tt 135 132 9.52 7.8
102 280 142 8.94 7.33
tt 310 153.5 8.06 6.6
tt 370 163 6.75 5.53
tt 490 173 5.1 4.18
52.5 365 183.5 3.52 2.88
tt 460 190 2.8 2.29
31 445 202 1.7 1.39
Galvanometer Constant
52.5 280 4,665, 600 ohms
K. = 24.9
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Plain Cotton Duck Canvas No. 2 , Thickness =19.7  m ils.
Volts D ef. Temp. Shunt R esis . Sp.Resis.
97.5 72 23 ° G 46.4 38.
ft 104 27 32 26.2
tt 185 31 11.7 8.7
ft 460 40 5000 3.42 2.7
ft 470 47 2000 1.92 1.5
ft 450 52 1000 1.12 .9
tt 340 60 400 .65 .53
ft 270 69.5 200 .43 .35
tt 360 79 200 .32 .26
ft 230 87 100 .25 .20
ft 290 95 100 .202 .16
ft 285 100 100 .205 .161
ft 200 105 100 .294 .23
ft 105 107 100 .56 .45
tt 170 109 ' 400 1.3 1.0
ft 152 109 1000 2.32 2.7
ft 85 108 1000 5.95 4.8
ft 330 106.5 10.1 8.2
ft 205 104.5 16.3 13.3
ft 140 102 23.8 19.5
ft 105 100 31.8 26.0
ft 78 98 42.8 35.0
ft 1 54 3337. 2780
Galvanometer Constant
97 340 5596 4,665,600ohms
Plain Cotton Duck Canvas No. 2. Reheated
Volts Def. Temp. Shunt. R esis. Sp.Resis.
535 6 31° J 2450 2000
535 35 39 420 344.4
525 200 49 58.4 47.8
510 440 56 32. 26.2
134 240 69 15.3 12.5
133 320 75 11.4 9.3
132 440 83 8.25 6.7
132 180 96 2000 5.45 4.4
135 280 108 2000 3.58 2.9
135 430 123 2000 .85 .69
134 170 130 1000 5.85 4.7
137 137 145 1000 7.4 6.0
137 225 149 2000 4.5 3.6
138 350 176 2000 2.93 2.3
137 400 195 2000 2.54 2.1
Galvanometer Constant
45.3 267 4,665 ,600 ohms
K. = 27.5
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•Shellaced Cotton Duck Canvas. Thickness = 28 mils.
Volts Def. Temp. R esis. SpResis.
525 9 13°C 1410 813
480 13 14.5 890 513
528 50 19.8 254 146.5
512 73 22.5 169 97.5
494 103 25.5 115 66.3
475 150 28.5 76 43.8
465 200 31.2 56 32.3
455 300 34 36.5 20.7
435 420 38 25 14.4
205 480 45 10.3 5.94
101.5 400 46.5 6.1 3.51
80 480 49 4 2.3
38 225 50 4 2.3
37.5 250 53 3.6 2.07
330 56.2 2.74 1.55
37 440 59:5 2.02 1.15
14.6 225 76 1.56 .9
6.2 280 85 .53 .305
ff 450 94 .33 .110
2 162 101 .298 .173
ft 190 109.5 .25 .144
n 175 117 .27 .155
?» 140 124 .35 .259
14.6 3 ID 136 1.13 .65
it 300 148 1.16 .669
ft 410 162 .86 .496
2 80 177 .6 .346
ft 110 190 .44 .253
♦i 150 200 .32 .184
Galvan ome ter Constant
- ■ ■ 1,1 • .... ..
K .= 24.1
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Muslin Cloth Thickness 8.3 mils
Volts Def
101 205
101 210
100.5 350
51.2 43
14.4 190
n 320
H 360
II 325
II 320
II 370
II 420
2 60
14.4 240
« 70
101 155
232 190
415 250
605 260
455 115
444 100
602 138
565 125
527 115
444 110
400 170
383 250
340 400
101 260
101 420
Galvanometer Constant
51.3 298
Resis. Sp.Resis
13.3 25.8
13 25.2
7.8 15.1
3.2 6.2
.05 4.0
1.22 2.36
1.08 2.09
1.2 2.33
1.22 2.36
1.05 2.03
.93 1.80
.90 1.74
1.625 3.14
5.6 10.86
17.6 34.14
33 64.02
45 87.3
62:8 121.8
105 203.7
120 232.8
118 228.9
122 236.6
124 240.5
107 207.
64 124
41.5 80.5
23 44.
10.5 20.3
6.5 12.6
4,665,600 ohms
Temp.
17.5
19.5
22.5
35.5
43
48
54
56.5
60
66
73
97
110
116
119
119.5
120
121
128.5
132
136
140
145
151
162
169.5
180
197
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Linen Cloth. Thickness = 12.6 m ils .
Volts Def. Temp. R esis. Bp.Resis
335 70 38° G 125 160
332 98 42 92 117
ft 140 44 64.3 82.3
327 193 46 40.2 31.4
320 287 49.3 29.1 37.2
101.5 170 54.5 15.5 19.8
ft 204 58 13 16.6
ft 290 61.8 9.15 11.7
ft 390 65 6 . 8 8.7
ft 450 66.7 5.9 7.5
52 268 70.5 5.05 6.46
t» 387 76 3.5 ' 4.48
ft 500 80 2.7 3.45
115 108 88 2.75 3.50
r» 105 92 2.83 3.62
ft 89 94 3.85 4.92
»t 77 96 3.9 4.99
ft 57 96.7 5.28 6.75
52 50 92 27 34.5
it 27 91 50.2 64.2
101.5 27 86.5 96.5 123.5
310 55 83.5 147 188.1
tt 44 81 183 234.2
tt 30 77 270 345.6
t» 19 73 425 544.
tt 17 71.5 476 609.3
Galvanometer Constant
K. = 26.
Linen Cloth Reheated
Volts D ef. Temp. Resis. Sp.Resis.
900 0 20°C 8040 10290
661 2 48 1768 2265
656 T9 56 773 989
636 20 63.5 375 480
621 33 71.5 268 343
606 55 80 169 216
591 85 88 92.5 118
571 150 97 62.8 80.3
556 215 103 48.7 62.3
541 270 108 36.5 46.7
526 350 110 26.7 34.1
516 470 124 22.2 28.4
261 285 130 19.9 25.4
»• 318 142 7.65 9.79
101 321 162.5 2.46 3.14
41 420 178 1.47 1.88
14.5 240 186. 1.36 1.74
ft 260 189.5
Galvanometer Constant
51.8 270 4,665,000 ohms
K. = 24.3
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Paraff ined Paper. Thickness = 9.07 m ils.
Volts Def. Temp. S es is . Rp.Resis.
665 0 24°G
570 0 35
560 2 38 7280 12980
596 5 42 3110 5540
575 9 44.5 1666 2964
560 21 47.5 690 1230
550 53 50. 271 485
527 175 54 78.7 142
515 380 56 35.4 63.0
101 500 61.5 5.29 9.42
14.6 210 68 1.81 3.22
ft 365 73.5 1.04 1.85
If 410 73.8 .93 1.62
2.1 98 75.5 .53 .94
m 106 77.3 .52 .92
w 121 79 .43 .77
t! 133 81 .39 .69
ft 168 84 .31 .55
ft 190 88 .27 .48
ff 200 92 .26 .46
Gralvanomete r Constant
K. = 26.
700 ~PL FITE. XZ3L
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E ffects  of Pressure on Insulation
Manilla Paper.
Volts
Tin F o il between iron p lates.
wt.
Def. lbs. Resis.
530 54
515 52
509 56
500 64
490 73
480 80
465 82
451 92
435 85
415 80
390 72
375 66
360 58
347 50
335 45
325 40
315 35
310 30
7 324.2
19 326.8
40 299.7
72 257.8
105 221.5
137 198.
169 187.
204 162
220 169
204 171
169 179
135 187
105 205
72 229
40 246
19 268
7 297
0 341
Same Paper. No Tin F o il between p lates.
340 2
325 3
310 6
300 9
285 20
270 25
257 27
260 27
237 23
230 19
225 14
220 8
212 6
207 3
0 5610
7 3580
19 1800
40 1100
88 470
136 356
184 314
204 306
184 340
136 399
88 530
20 908
7 1100
0 2277
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E ffects of Pressure
Oiled Paper.
Volts D ef. w t.
525 0 7
500 0 38
500 1 100
Plain Cotton Canvas
447 12 0
447 33 7
ft 43 12
ft 67 32
ft 108 64
ft 121 80
ft 136 96
ft 151 112
ft 165 128
ft 179 144
ft 196 160
ft 212 176
ft 222 182
f t 260 200
ft 254 182
ft 250 160
ft 228 128
ft 205 96
ft 169 64
ft 119 32
ft 72 12
447 21 0
Galvanometer Constant
52.5 280
R esis.
900
326
250
161
100
89
79
71.5
65.4
60.4
55
51
48.6
41.5
42.5
43
47.2
52.5
63.8
90.5 
152 
514
4,665,6000 ohms
K 24.5
/  3 o o
!?L00
oJOOC
UJ
s:
 ^OO JO 20 5c; 8 o
P L  HTE I X
IffzcTs of P r e s s u r e
o n  th e.
I n s  u/at/on Pce
or
Co//on O s / cCan i/ars
I oo \%o
©---------------------------- ------------------
Vlctijihtin PoQnds.
MO J6 o i
PLftTEJSL
Comparison off Effects 
o f  Tomjo&ratureon diffzr& nt-
I n s u / a t i n g  A / a T z r / a / s . a n d
O f  t E o ' / r  S p e c i f i c *
